It has been known for many years that identifying familiar faces is much easier than identifying unfamiliar faces, and that this familiar face advantage persists across a range of tasks. However, attempts to understand face familiarity have mostly used a binary contrast between 'familiar' and 'unfamiliar' faces, with no attempt to incorporate the vast range of familiarity we all experience. From family members to casual acquaintances and from personal to media exposure, familiarity is a more complex categorisation than is usually acknowledged. Here we model levels of familiarity using a generic statistical analysis (PCA combined with LDA) computed over some four thousand naturally occurring images that include a large variation in the numbers of images for each known person. Using a strong test of performance with entirely novel, untrained everyday images, we show that such a model can simulate widely documented effects of familiarity in face recognition and face matching, and offers a natural account of the internal feature advantage for familiar faces. Furthermore, as with human viewers, the benefits of familiarity seem to accrue from being able to extract consistent information across different photos of the same face. We argue that face familiarity is best understood as reflecting increasingly robust statistical descriptions of idiosyncratic within-person variability. Understanding how faces become familiar appears to rely on both bottom-up statistical image descriptions (modelled here with PCA), and top-down processes that cohere superficially different images of the same person (modelled here with LDA).
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Introduction
The concept of familiarity is central to our understanding of face recognition. It has been known for many years that perception of familiar and unfamiliar faces differs in a number of ways (for reviews see Johnston & Edmonds, 2009; Young & Burton, 2017) , and this point is emphasised in theoretical models (Bruce & Young, 1986; Burton, Bruce, & Hancock, 1999) . For example, in studies of recognition memory, familiar faces are recognised faster and more accurately than unfamiliar faces (Ellis, Shepherd, & Davies, 1979; Klatzky & Forrest, 1984; Yarmey, 1971) . This difference is not in any straightforward sense purely a memory effect, because in more recent studies of perceptual face matching, participants are again more accurate with familiar (compared to unfamiliar) faces, when judging whether two images depict the same person (e.g. Bruce, Henderson, Newman, & Burton, 2001; Bruce et al., 1999; Burton, Wilson, Cowan, & Bruce, 1999; Megreya & Burton, 2006; Megreya & Burton, 2008) . Despite these differences, our working definition of familiarity has been unsophisticated and our understanding of what happens when a face becomes increasingly familiar has been limited at best. Almost all studies compare unfamiliar, never previously seen, faces to highly familiar people, often well-known celebrities. However, our daily experience tells us that familiarity is not simply a dichotomy. We all know many people with varying levels of familiarity, from members of our family encountered every day over long periods, to casual acquaintances perhaps seen occasionally on our route to work, or serving us in an infrequently-visited café. In this paper, we aim to capture familiarity in all its diversity. We present a model of face recognition which incorporates a large range of familiarity, and explore the consequences of increasing familiarity.
One key effect of familiarity is that it leads to generalisable representations for recognition. Early memory studies consistently showed that superficial image changes in pose, expression or lighting were detrimental to memory for unfamiliar faces, but had very little effect on familiar face memory (e.g. Bruce, 1982; Hill & Bruce, 1996; O'Toole, Edelman, & Bülthoff, 1998; Patterson & Baddeley, 1977) . This has led to the idea that unfamiliar face processing is highly imagebound (Hancock, Bruce, & Burton, 2000; Megreya & Burton, 2006) . In consequence, recognition declines as a function of differences between study and test photos (Beveridge et al., 2011; Estudillo & Bindemann, 2014) , since representations of unfamiliar faces are tied to the specific images that were encountered. This image-dependence for unfamiliar
